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Incidentally to other studies, Smith (1)  noted that removal of the 
hypophysis in rats is followed by a decrease in size of the spleen as well 
as of other viscera and endocrine organs.  Daily homeotransplants of 
anterior hypophysis caused return of the viscera to normal or nearly 
normal  proportions.  In  a  series  of  immature  hypophysectomized 
dogs, Houssay and Lascano-Gonzalez (2)  observed that the arrest of 
growth of the  animals  was  accompanied by a  parallel  cessation  of 
growth of the spleen.  The number of Malpighian corpuscles was more 
numerous in the hypophysectomized than in the control animals, and 
these were larger in size.  In dogs hypophysectomized after the age 
of 10 weeks, the follicles of the spleen were more numerous but not 
larger  than  in  the  controls.  The  rhythm  of  splenic  contraction 
diminished in  the  hypophysectomized dog.  They concluded,  how- 
ever, that there is no atrophy of the spleen in this animal following 
removal of the hypophysis. 
The studies reported in the present communication were undertaken 
to learn more of the relationship that exists between the activity of the 
anterior hypophysis and the structure and function of the spleen. 
The effect of complete and partial hypophysectomy on the size of 
the spleen in the rat was determined in a large series of mature albino 
rats at various intervals after operation.  The results of daily injec- 
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tions of emulsion of fresh anterior hypophysis of cattle on the size of 
the  spleen  of  hypophysectomized rats  was  observed.  In  a  second 
group of experiments the effect of hypophysectomy  on the regenerative 
capacity of the splenic stump after removal of four-fifths of the spleen 
was studied.  In a  third group of  experiments  the effect of repeated 
injections of emulsions of fresh anterior lobe, and of various fractions 
of the anterior lobe on the growth of the spleen in normal adult albino 
rats was determined. 
TABLE  I 
The Effect of Hypophysectomy on the Size of the Spleen 
No. of rats 
20 
6 
7 
14 
10 
6 
14 
11 
Procedure 
Normal 
Exposure of pituitary (opera- 
tion control) 
Partial* hypophysectomy 
Complete hypophysectomy 
st  ~t 
tt  it 
4t  it 
ct  it 
Treated with emulsion 
Interval 
between 
operation 
and death 
days 
30-120 
24--150 
8 
9-14 
15-35 
36-120 
14-30 
Ratio of spleen weight to body weight 
~.verage 
0.369 
0.361 
0.273 
0.31 
0.268 
0.213 
O. 189 
0.33 
Meal 
0.37 
0.40 
0.28 
0.28 
0.27 
0.24 
0.19 
0.29 
Maxi- 
mum 
0.60 
0.426 
0.49 
0.55 
0.42 
0.40 
0.32 
0.74 
Mini- 
mum 
0.21 
0.25 
0.14 
0.14 
0.13 
0.18 
0.12 
0.20 
* The results  in this  group were variable  (see text for explanation). 
The Effect of tlypophysectomy on the Size of the Spleen 
The rats  used  in these  experiments  were all of uniform  stock,  raised  in our 
laboratory during  a period  of 12 years.  Though of original  Wistar strain they 
were carriers  of Bartonella muris.  In previous  work it had been observed  that 
hypophysectomy  does not affect this latent infection.  All the rats were between 
3 and 4 months of age at the onset of the experiment.  In the first group of experi- 
ments, a total of 89 rats were divided into 5 groups.  Of these, 56 were completely 
hypophysectomized at intervals  varying from 8 days to 4 months prior to the 
death of the animal.  12 of these  56 had received daily subcutaneous  injections 
of anterior lobe emulsion from the day of operation to the day of death.  In 7 
rats the posterior  and part of the anterior lobe were removed.  These animals 
were killed from 1 to 4 months after the operation.  In 6 rats,  the hypophysis 
was exposed but not removed.  20 control  animals were included  in this series. DAVID  PERLA  601 
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TxxT-Fm. 1.  The  effect  of partial  and  complete  hypophysectomy in  adult 
rats on the relative weight of the spleen.  The height of the bars indicates the 
average  ratios  of  spleen  weight  to  body weight  expressed  in  hundredths  of  1 
per cent. 
In the series of hypophysectomized rats, no rat was included that presented evi- 
dence of infection at  autopsy or had received any treatment or injection other 
than indicated.  In each animal the weights of the internal organs, the weight of 602  RELATION  OF M-YPOPHYSIS  TO  SPLEEN.  I AND  II 
the spleen and the ratio of the spleen weight to body weight were determined.  It 
was possible to estimate readily whether the loss of spleen weight was greater 
than or paralleled the loss in body weight. 
As indicated in Table I, the average ratio of spleen weight to body 
weight of 20 normal rats of  this stock, 3 to 4 months of age, was 0.37 
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TExT-FIo. 2. The effect of complete hypophysectomy on the relative weight 
of the spleen.  The curve indicates the progressive atrophy of the spleen at vary- 
ing  intervals after  hypophysectomy.  The  points on  the  chart  represent the 
average ratio of spleen weight to body weight in the given interval. 
per  cent.  It will be observed that removal of  the hypophysis was 
followed by a progressive decrease in the ratio of spleen to body weight. 
The average ratio of spleen weight to body weight in animals in which 
the hypophysis had been removed 1 week prior to death was 0.31 per 
cent.  The average ratio of spleen weight to body weight in rats hypo- DAVID PERLA  603 
physectomized 2 to 7 weeks before death was 0.213 per cent.  In rats 
hypophysectomized 8 to 18 weeks before death the average ratio was 
0.189 per cent.  In rats that had received repeated injections of an 
emulsion of the anterior lobe during a period of 14 days prior to death 
and that had been hypophysectomized 14 to 30 days prior to the death 
of the animal, the average ratio of spleen weight to body weight was 
0.33  per cent.  The operative  procedure itself,  without  removal of 
the hypophysis, had little effect on the size of the spleen.  In those 
animals  in  which the  hypophysis was partly  removed from  1  to  5 
months prior to death the results were very variable.  The atrophy 
of the spleen was very marked in 3 instances in which the animals 
survived 5 months, eyen though a fragment of anterior lobe was present 
at autopsy.  The other animals, killed within shorter periods, showed 
no atrophy in 2 instances and moderate atrophy in 2 instances.  What- 
ever factor is responsible for spleen growth seems to be exhausted in 
spite of persistence of anterior  hypophyseal fragments.  (Text-figs. 
1  and 2.) 
Histologically,  the  spleen in  hypophysectomized rats  showed  the 
picture of atrophy with a decrease in the size of the follicles though a 
relative increase in their number per unit area.  There is  an increase 
in the intersinusoidal connective tissue and a  collapse of the sinuses. 
These are relatively bloodless.  The Malpighian corpuscles are small. 
It is apparent from these observations that removal of the hypophysis 
in  the  rat  results  in  a  progressive atrophy of the  spleen.  After a 
period of 2 to 5 months the ratio of spleen weight to body weight is 
one-half the normal.  This degree of atrophy may be as prominent as 
that of the atrophy of the thyroid or suprarenal glands.  (Figs. 1 to 3.) 
The Effect of Complete Hypophysectomy on the Regeneration of Splenic 
Tissue 
An effort was made in a second group of experiments to determine 
the effect of complete and partial hypophysectomy  on the regenerative 
capacity of splenic tissue in rats  after removal of four-fifths of the 
spleen.  1  In  addition,  the  course  of  splenic  tissue  regeneration  in 
1  Anderson, Thomson and Collip (3) observed that removal of one suprarenal 
is not followed by hypertrophy of the other in the absence of the hypophysis. 
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hypophysectomized rats treated with a  saline emulsion of fresh an- 
terior  hypophysis  was  observed  in  a  few  instances.  Preliminary 
experiments and previous observations indicated that the stump of the 
spleen would undergo regeneration after partial removal in the normal 
animal3  The stump increases in size to about a  third of the spleen 
within a  period of a  month.  Further growth does not occur after 
this. 
21 rats were divided into 4 groups.  10 were completely hypophysectomized. 
Of these, 4 were injected daily with 1 cc. of a saline emulsion of fresh anterior 
hypophysis of the ox (8 glands to 80 cc. of saline) from the day of operation to 
the end of the experimental period of 2 months.  In 6 rats the hypophysis was 
partially removed (the posterior lobe and part of the anterior lobe).  5 rats were 
unoperated controls.  30 days after hypophysectomy four-fifths of the spleen in 
each rat was removed.  At the time of the operation the stump was measured  and 
a portion of removed spleen of the same size was weighed.  In this manner the 
weight of the stump was approximated.  28 days after partial splenectomy all 
the rats were killed and autopsied.  The stumps were weighed.  The degree of 
regeneration was estimated by determining the percentage increase in the weight 
of the stump and the difference  between the ratio of the weights of the spleen 
stump to body weight at operation and at death. 
The results are tabulated in Table II.  It will be seen that in hypo- 
physectomized rats  the  splenic  tissue  fails  to  regenerate  and  may 
undergo some degree of atrophy.  The stump decreased in size about 
3 to 4 per cent.  The ratio of the weight of the spleen stump to body 
weight expressed in percentage was less at death than at time of par- 
tial splenectomy.  In contrast to these findings, in the normal rats 
with intact hypophysis the weight of the regenerated splenic  stump 
increased more than 100 per cent.  In the rats in which the hypophysis 
was removed, but which were treated with emulsion of anterior lobe 
from the day of hypophysectomy,  marked regeneration of the splenic 
stump occurred.  The average increase in weight of the stump was 87 
factor.  They succeeded in isolating a fraction from the anterior hypophysis, the 
injection of which stimulated the hypertrophy of the remaining suprarenal gland 
after unilateral suprarenalectomy  in hypophysectomized  rats. 
One-fifth of the spleen is adequate to prevent the occurrence of Bartonella 
muris  anemia in carrier stock (4).  In the animals included in the experiments 
reported below the hemoglobin and red cell counts and blood smears were fre- 
quently made and no evidence  of this infection was observed. TABLE  II 
The Effect of Complete and Partial Hypophysectomy on the Regeneration of Splenic 
Tissue* 
Rat No. 
Approxi- 
mate 
weightt 
of spleen 
stump at 
time of 
partial 
removal 
of spleen 
Weight 
of spleen 
stump  at 
death 
Difference 
in weight 
of spleen 
stump at 
operation 
and death 
Increase 
in weight 
of spleen 
stump 
Ratio of 
weight of 
spleen 
stump to 
body 
weight at 
operation 
Ratio of 
weight  of 
spteen 
stump to 
body 
weight at 
death 
Difference 
between ratio 
of weight  of 
spleen  stump 
to  body  weight 
at  death  and 
operation 
Complete Hypophysectomy without Treatment 
mg. 
1  34 
2  44 
3  98  I 
4  98 
5  180  I 
6  i  53 
mg. 
35 
45 
91 
94 
140 
56 
t~g. 
+1 
+1 
-7 
-4 
-40 
+3 
per ¢¢~ 
+2.9 
+2.2 
-7.1 
-4.08 
-22 
+5.6 
-3.7 
0.023 
0.032 
0.081 
0.073 
0.124 
0.034 
0.027 
0.042 
0.071 
0.070 
0.085 
0.035 
+0.004 
+0.010 
-0.010 
-0.003 
-0.039 
+0.001 
Average .........  --0.006 
Complete Hypophysectomy and Treated with Anterior Hypophyseal Emulsion, 
7  179 
8  160 
9  214 
10  32 
304 
193 
374 
91 
+125  +69.8  0.114  0.167  +0.053 
+33  +20  0.100  0.098  .  --0.002 
+150  +74.7  0.125  0.200  0.075 
+59  +184  0.017  0.054  0.037 
+87.1  Average.  +0.040 
PartialHypophysectomy 
11  67 
12  71 
13  118 
14  23 
15  135 
16  101 
Average.. 
121 
94 
150 
41 
189 
230 
+54 
+23 
+32 
+18 
+54 
+129 
80.6 
32.4 
27.1 
78 
40 
127.7 
+64.1 
0.036 
0.040 
0.084 
0.017 
0.089 
0.060 
0.050 
0,049 
0.073 
0.034 
0.119 
0.110 
+0.014 
+o .oo9 
-O.Oll 
+0.017 
+0 .O3O 
+0.050 
+0.018 
* All the rats were 3 to 4 months of age at time of hypophysectomy.  30 days 
after hypophysectomy four-fifths of the spleen was removed.  All the rats were 
killed 27 days later and the weight of the stump was determined. 
t  The approximate weight of the splenic stump remaining  after partial splenec- 
tomy was estimated by weighing a  portion of spleen tissue of the same size as 
the stump, 
The saline emulsion of fresh anterior hypophysis of ox was prepared every 
3rd day.  8  glands were ground and emulsified in 80 cc,  of  saline.  Each  rat 
received 1 cc. of emulsion subcutaneously daily from day of operation. 
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TABLE  II--Concluded 
Rat No. 
Approxi- 
mate 
weight? 
3f spleen 
~tump at 
time of 
partial 
removal 
of spleen 
Weight 
of spleen 
stump at 
death 
Difference 
in weight 
of spleen 
stump at 
operation 
and death 
Increase 
in weight 
of spleen 
stump 
Ratio of 
weight of 
spleen 
stump to 
body 
weight at 
operation 
Ratio of 
weight  of 
spleen 
stump to 
body 
weight  at 
death 
Difference 
between ratio 
of weight  of 
spleen stump 
to body weight 
at death and 
operation 
Controls 
17  94 
18  54 
19  44 
20  47 
21  119 
Average.. 
171 
91 
132 
113 
197 
+77 
+37 
+88 
+66 
+78 
81.9 
68.5 
200 
140.4 
65.5 
+111.26 
O. 063 
0.034 
0.025 
0.024 
O. 068 
0.098 
0.067 
0.077 
0.071 
0.082 
+0.035 
+0.033 
+0.052 
+0.O47 
+0.014 
+O.036 
per cent.  In rats in which the posterior lobe and part of the anterior 
lobe of the hypophysis had been removed, the spleen tissue regenerated 
but  the  degree  of regeneration  varied  considerably.  The  difference 
between the ratio of weight of the spleen stump to the body weight at 
operation and at death in the 4 groups of animals showed corresponding 
results (see Table II). 
The  histological  picture  of  the  regenerated  splenic  stump  in  the 
normal animal 30 days after partial splenectomy shows an increase in 
the  reticular  cells  of  the  red  pulp  with  numerous  islands  of  small 
lymphocytes.  Otherwise the splenic stump has all the appearances of 
a normal spleen.  The histological appearance of the splenic stump in 
animals that had been hypophysectomized previous to partial splen- 
ectomy shows a marked atrophy of the follicles and a definite decrease 
in the reticular tissue of red pulp. 
The data presented in these experiments suggest that the anterior 
lobe of the hypophysis is essential for splenic tissue regeneration.  In 
the absence of the hypophysis, removal of four-fifths of the spleen is 
not followed by increase in size of the remaining stump.  The adminis- 
tration of emulsion of fresh anterior hypophysis in hypophysectomized 
rats restores  the regenerative capacity of splenic tissue to the normal 
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The Presence of a Spleen-Stimulating  Factor in Extracts  of Anterior 
Hypophysis 
(a)  The Effect of Repeated Injections of Extracts of Anterior ttypophysis 
of Cattle on the Size of the Spleen in Bartonella Carrier Rats 
In a  third series of experiments the effect of injections of emulsions 
and extracts of cattle anterior hypophysis on the size of the spleen in 
normal  adult  rats  was  studied.  This was  undertaken  to  determine 
whether  the  anterior  hypophysis  contains  a  stimulating  factor  for 
splenic tissue and whether such a factor is present in the acid or alka- 
line extract of the anterior hypophysis. 
62 rats, 3 to 4 months of age, were used in these experiments.  12 received 
daily subcutaneous injections of a saline emulsion of fresh cattle anterior hypophy- 
sis in mounts of 1 cc. during a period of 10 days.  7 rats received similar injec- 
tions during a  period of 30 days.  10 rats received similar  injections during a 
period of 5 days.  24 hours after the last injection in each group the rats were 
killed with ether and the internal organs, including the spleen, were weighed.  The 
ratio of spleen weight to body weight was determined. 
6 rats received daily subcutaneous injections of an acid extract of acetone-dried 
anterior hypophysis (Loeb's method) in amounts of 1 co.  3 during a period of 10 
days.  The spleen and other organs were weighed at the end of that period as in 
the previous groups. 
7  rats  received daily subcutaneous  injections  of a  purified growth fraction 
(prepared according  to the method of Collip  (6) from fresh anterior hypophysis 
in amounts of 1 cc. during a period of 10 days.  This fraction was found to contain 
considerable  gonadotropic hormone as well. 
As controls for spleen weight in our stock we used 20 normal rats of the same 
age group as the above. 
The influence on the spleen weight of these injections is indicated 
in Table III.  The average ratio of spleen weight to body weight, ex- 
pressed in percentage, of rats of Bartonella carrier stock, 3 to 4 months 
of  age,  is  0.37.  Rats  injected  with  saline  emulsion  of  fresh  cattle 
anterior  hypophysis  during  5  days  show  a  definite  increase  in  the 
absolute  and  relative  size  of  the  spleen  (0.56  per  cent  of  the  body 
weight).  When  the emulsion is  administered  during a  period of  10 
days,  the  spleen  becomes  two  and  one  half  times  the  normal  size 
(the ratio of spleen weight to body weight, 0.80).  It is of considerable 
8 An attempt was made to give extracts in equivalent estimated amounts of 
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interest  that  with  prolonged  administration  of  emulsion of  anterior 
hypophysis during 30 days the effect on the spleen is less pronounced 
than  after  5  or  10  days.  The  average  ratio  of  spleen  weight  to 
body  weight  was  0.428.  This  is  analogous  to  the  effects  of  the 
known  hormonal  fractions  of  the  anterior  hypophysis.  The  de- 
TABLE  III 
The  Effect of Repeated Injections  of Anterior Hypophyseal Extracts of Cattle in 
Bartonella Carrier Rats 
No. of rats 
12 
7 
10 
6 
20 
Material injected 
Saline emulsion,* fresh anterior 
hypophysis 
~c  ct 
~t  tt 
Thyrotropic  fraction~ (acid ex- 
tract) (Loeb) 
Alkaline  extract  containing 
growth and gonadotropic fac- 
tors (Collip):~ 
Controls  (Bartonella  carrier 
stock) 
Amount 
injected 
daily 
£c. 
1 
Period of 
injection 
days 
10 
30 
5 
10 
10 
Ratio of spleen weight 
to body weight 
Average  Mean 
0.80  0.855 
0.428  0.40 
0.56  0.54 
0.389  0.33 
0.542  0.56 
0.37  0.38 
All  the rats were 3  to 4  months of age. 
* An emulsion of the anterior lobes of 8 glands  (ox)  was made in  80 cc.  of 
physiological salt  solution  under  aseptic  conditions.  Fresh  emulsion was pre- 
pared every 3rd day.  Injections were administered subcutaneously. 
t The  crude  thyrotropic fraction  was  a  simple dilute  acetic acid  extract  of 
anterior pituitary powder, prepared according to the method of Loeb:  1 cc. was 
equivalent to  ~  gm. of anterior lobe. 
:~ The alkaline extract containing the growth hormone was prepared according 
to Collip's method.  It was found to be rich in gonadotropic activity:  1 cc. was 
equivalent to 2 gm. of anterior lobe. 
velopment  of  maximal  effects  in  normal  animals  of  injections  of 
thyrotropic and gonadotropic growth and ketogenic factors is reached 
within the first 2 weeks, and is definitely diminished after this with the 
development of an apparent tolerance in the animal.  The formation 
of "antihormones" has been suggested  by Collip and  a  review of this DAVm PERLA  609 
subject can be found in  a  recent article by Collip  (7).  The  spleen- 
stimulating factor apparently acts in a similar manner.  (Text-fig. 3.) 
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TEXT-Fro. 3. The effect of repeated injections of anterior hypophyseal emulsion 
in normal  rats on the relative weight of the spleen.  The points  on the chart 
represent  the average ratio  of spleen weight to body weight.  The rats in this 
experiment were carriers of Bartonella muris. 
(b)  The Effect of Repeated Injections  of Extracts of Anterior ttypophysis 
on the Size of the Spleen in Bartonella-Free Rats 
The  experiments  presented  in  the  preceding  section  suggest  the 
presence  of  a  spleen-stimulating  factor  in  the  anterior  hypophysis. 
However, it has seemed imperative to repeat the study on the effect of 
hypophyseal extracts  in  rats  free  of latent  Bartonella  infection  and TABLE  IV 
The Effect of Repeated Injections  of Anterior Hypophyseal Extracts of Cattle on the 
Size of the Spleen in Bartonella-Free Rats* 
All Extracts Were Injected Daily during a Period of 10 Days in Amounts of ICc. 
Ratio of spleen 
Ratio of  weight to body 
spleen weight  weight  Increase in 
No.  of  Material injected  to  body  Average  body weight 
rats  weight  Calculated from  Average 
Average  Donaldson's 
tablest 
6 
6 
6 
6 
6 
6 
6 
6 
10 
Saline  emulsion of fresh anterior hy- 
pophysis (cattle)~; 
Saline emulsion of fresh anterior hy- 
pophysis (pig) 
Alkaline extract (crude)  acetone-dried 
anterior hypophysis§ 
Alkaline extract acetone-dried kidney 
(cattle)[I 
Alkaline  extract  acetone-dried  liver 
(cattle)[[ 
Alkaline extract  acetone-dried spleen 
(cattle)  ll 
Acid extract acetone-dried anterior hy- 
pophysis (cattle)** 
Horse serum 
None 
Donaldson's figures for Wistar rats.  Calcu- 
lated expected ratio of weight of spleen to 
body weight.  Average  .... 
#er ~nl 
0.37 
0.392 
0.486 
0.250 
0.278 
0.290 
0.294 
0.272 
0.270 
#er cenl 
0.270 
0.264 
0.267 
0.269 
0.267 
0.273 
0.271 
0.269 
0.272 
0.269 
per 6en~ 
38 
54 
27.4 
25.3 
24 
30 
45 
28 
26.5 
* All rats were of Wistar stock, 8 or 9 weeks of age.  In each group equal num- 
bers of male and female rats were  used. 
t  The expected weight of the spleen of rats of Wistar stock may be calculated 
from  the  body  weight  by  the  following formula  (9):  0.00245  body  weight  + 
0.0301  log (body weight)-0.025. 
:~ The saline emulsion of fresh anterior hypophysis was made by emulsifying 
the anterior lobes of 8 glands in 80  cc. of saline.  It was freshly prepared with 
aseptic technique  twice a  week. 
§ The alkaline extract was prepared as follows:  10  gm.  of dried powder was 
extracted  with  100  ec.  of  0.5  lq  sodium  hydroxide overnight.  The  fluid  was 
brought up  to  pH  7.8,  centrifuged and filtered through  the Zeiss filter. 
[] The  organ  extracts  were  prepared  exactly like  the  alkaline  hypophyseal 
extract (see  §).  The acetone-dried tissue was obtained through the courtesy of 
Dr.  David Klein of the Wilson Laboratories. 
** The acid extract of dried anterior hypophysis was prepared by method of 
Loeb  (5).  10  gm.  of  dried powder was  extracted with  100  cc.  of  ~  per  cent 
acetic  acid  overnight.  The fluid  was brought to pH 6.8,  centrifuged and then 
brought  to  7.8 and  faltered through a  Zeiss filter. 
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to control the effect of injections of protein as such upon the spleen. 
Rich, in a recent report  (8), mentions that the spleen of rabbits may 
enlarge,  following  the  repeated  injection  of  nonbacterial  antigenic 
material, egg white or horse serum for example. 
In order to determine what part a nonspecific effect of protein played 
in the increased size of the spleen in our experiments, the effect of horse 
serum and of extracts of organs other than the hypophysis was studied. 
All the rats in these experiments were of Wistar  stock, free from Bartonella 
infection, and all were 8 to 9 weeks of age at the time the injections were com- 
menced.  In each instance the extracts were administered daily during a period of 
10 days and  the rate of growth and  size of spleen determined.  The following 
extracts  were used:  (a)  saline emulsion of fresh anterior  hypophysis of cattle, 
(b) saline emulsion of fresh anterior  hypophysis of pig, (c)  alkaline extract  of 
acetone-dried  anterior hypophysis  of cattle,  (d)  an alkaline extract of acetone- 
dried kidney tissue of cattle,  (e) an alkaline extract of acetone-dried liver tissue 
of cattle, (f) an alkaline extract  of acetone-dried spleen tissue of cattle, and (g) 
an acid extract of acetone-dried anterior hypophysis of cattle. 
In each test, 6 rats were used.  There was a striking consistency in 
spleen weights in each group.  The spleen weights of normal controls 
of this stock and those given in Donaldson's figures were used for com- 
parison.  The results are indicated in Table IV.  The average ratio 
of spleen weight to body weight in normal Bartonella-free rats of Wistar 
stock of this age as determined by the control group and as calculated 
from Donaldson's tables is approximately 0.27  per cent.  It will be 
observed from the table that  the repeated injections of horse serum 
and alkaline extracts of kidney, liver and spleen prepared in the manner 
of the hypophyseal extracts had little or no effect on the size of the 
spleen.  The  saline  emulsions  of anterior  hypophysis and,  notably, 
the  alkaline  extract  of the  dried  anterior  hypophysis had  the  most 
pronounced effect on the growth of the spleen, as in the earlier experi- 
ments with Bartonella carrier rats.  The average ratio of spleen weight 
to body weight in rats injected with such alkaline extracts was 0.486 
(almost twice that of the controls). 
The  preliminary  attempt  at  separation  of  the  spleen-stimulating 
factor suggests its presence in the alkaline fraction of the dried, as well 
as of the fresh hypophysis, and its absence in the acid fraction of the 
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still  immature)  the  alkaline  extract of the dried gland  yielded the 
maximal spleen-stimulating  effect, but  the  rate  of growth in  these 
animals was normal.  The alkaline extract of dried powder is a rela- 
tively poor source of growth hormone but an excellent source of the 
spleen-stimulating factor.  The acid extract of the powder contained 
no spleen-stimulating factor but was a  fairly good source of growth 
hormone. 
It would seem then that the spleen-stimulating factor exists in the 
alkaline extract of the fresh or dried anterior hypophysis but is prob- 
ably  distinct  from  growth  hormone.  These  experiments  further 
suggest  that  the  anterior  hypophysis contains  a  spleen-stimulating 
factor and that the effect of its injection is  not due  to the  repeated 
injection of antigenic protein material, nor are similar effects observed 
when other organ extracts are injected. 
Histological Changes Induced by Anterior Hypophyseal Extracts 
The spleens of rats injected with fresh anterior hypophysis emulsion 
or an alkaline extract of fresh or dried anterior hypophysis show a 
striking  histological  appearance.  There  is  a  hyperplasia  of  the 
germinal centers of the follicles.  The outer zone of mononuclear cells 
(modified reticular cells) is much wider than normal and fades into the 
red pulp.  There is a pronounced proliferation of reticular and endo- 
thelial cells throughout the red pulp.  Aggregates of these cells appear 
which  contain  small  clusters  of  small  lymphocytes.  There  is  an 
increase in the number of megakaryocytes.  Considerable hemosiderin 
pigment is present.  Histological appearance of spleen in those ani- 
mals  that  have been injected with the acid extract of the anterior 
hypophysis (thyrotropic fraction) is the same as that observed in the 
normal controls.  The repeated injection of horse serum seems to have 
some effect on the cellular elements in the spleen.  Some increase in 
the  outer  zone  of  mononuclear  elements  of  the  follicles  occurs. 
Changes, however, do not occur in the red pulp, such as are observed 
when the hypophyseal emulsion or alkaline extract is used. 
Repeated injections of fresh emulsion of the anterior hypophysis 
or of alkaline extracts were associated with a great stimulation in the 
number  of  hemocytoblasts  of  the  bone  marrow.  The  number  of 
megakaryocytes is also largely increased.  Erythropoiesis seems un- DAVID PERLA  613 
affected.  4  Sections through the lymph nodes show some hyperplasia 
of the follicles.  The Kupffer cells of the liver are unaffected.  (Figs. 
4to  7). 
DISCUSSION 
The evidence presented in this communication supports the view 
that there is a relationship between the anterior lobe of the hypophysis 
and the spleen.  The complete removal of the hypophysis in the adult 
rat is followed by a progressive atrophy of the spleen which exceeds the 
rate of loss in weight of the animal.  The degree of atrophy is analo- 
gous in many instances to that of suprarenals or thyroid.  The atrophy 
of the spleen is dependent on the withdrawal of a stimulating factor 
in the anterior hypophysis, since removal of the posterior lobe and 
part of the anterior is not followed  by a similar degree of atrophy of the 
spleen.  The injection of a saline emulsion of fresh anterior hypophysis 
in hypophysectomized rats during a period of 14 days prior to death, 
repairs in most instances the atrophy of the spleen. 
The  inhibitory  effect  of  hypophysectomy  on  the  regenerative 
capacity of splenic tissue is further evidence of the presence of a  con- 
trolling factor in the anterior hypophysis.  In the normal adult rat, 
removal of four-fifths of the spleen is followed by hypertrophy of the 
stump to about one-third the normal spleen.  In the hypophysecto- 
mized rat the stump becomes absolutely and relatively smaller within 
the same period of observation.  The capacity for regeneration of the 
splenic tissue in hypophysectomized rats is restored by the administra- 
tion of anterior hypophyseal emulsion. 
The anterior hypophysis possesses  a factor capable of stimulating 
the growth of the spleen in the normal rat.  This factor is not present 
in the acid extract of anterior hypophysis but is present in a marked 
degree in the alkaline fraction containing the growth and gonadotropic 
hormones.  An alkaline extract of dried anterior hypophysis contain- 
ing little or no growth factor is rich in the spleen-stimulating factor. 
As in the case of hypophyseal hormones, a tolerance develops in the 
normal rat to its injection and the maximal splenic effect is attained 
within  2  weeks.  Little  effect  is  apparent  after  a  month  of  daily 
administration (antihormone effect?). 
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It would seem probable that a spleen-stimulating factor or hormone 
in the anterior hypophysis may exist.  Though the evidence is sug- 
gestive at present, it cannot be stated with certainty that the spleen- 
stimulating  factor  is  separable  from  the  growth and  gonadotropic 
principle. 
SUM'~rARY 
I. Removal of  the  hypophysis in  adult rats  is  followed by progres- 
sive  atrophy  of  the  spleen.  At  the  end  of  2  months the ratio  of  spleen 
weight  to  body weight  is  one-half  the  normal.  The administration of 
hypophyseal emulsion repairs  to  a considerable  dcgrcc the  atrophy of 
the  spleen  in  such  animals. 
2. Hypophyscctomy complctcly  inhibits  the  regeneration  of  splenic 
tissue  after  partial  splencctomy.  Administration of anterior  hypo- 
physcal  emulsion  restores  the  regenerative  capacity of  splenic  tissue  of 
the  hypophyscctomizcd rat  to  the  normal. 
3. The daily administration of anterior  hypophyseal emulsion of 
cattle  or of alkaline  extracts  of fresh  or acetonc-dricd anterior  hy- 
pophysis during a period of i0 days in normal Bartonella carrier  or 
Bartonella-frce  rats  results  in hypertrophy of the splecn to twicc 
normal size. Normal rats  receiving  emulsion during a period of i 
month become refractory  to  the  splecn-stimulating  effect. The spleen 
shows  little  increase  in  size  abovc the  normal at  the  end  of  this  period. 
Injections  of horse serum or of alkaline  extracts  of acetone-dried 
kidney,  spleen  or  livcr  of  cattle  did  not  cause  cnlargcmcnt  of  the  spleen 
of  rats  of  Bartonella-frce stock. 
4. The increase  in  the  sizc  of  the  splecn,  following  daily  administra- 
tion of emulsion of the anterior  hypophysis, is duc primarily to a 
marked hyperplasia of the reticular  and endothelial  cells  of the red 
pulp.  The follicles  also  increase  in size. Clustcrs  of reticular  ccUs 
containing  numerous  lymphoid  elements  appear  throughout  the 
splenic  pulp.  The reticular  tissue  of the bone marrow is similarly 
increased.  There is  a striking  increase  in thc number of hcmocyto- 
blasts  and  mcgakaryocytes.  The Kupffcr  cells  arc  not  affcctcd. 
5. The splecn-stimulating  factor  is  not present in the acid extract 
of  anterior  hypophysis that  contains  thyrotropic  and  adrenotropic 
factors.  It is present in some degree in an alkaline extract of fresh 
anterior hypophysis containing growth and gonadotropic factors.  It DAVID PERLA  615 
is also present in alkaline extracts of acetone-dried anterior hypophysis 
relatively free from growth hormone. 
6.  The presence of a  spleen-stimulating  factor in  the anterior  hy- 
pophysis is suggested by these experiments. 
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EXPLANATION OF PLATES 
PLATE 43 
FIG. 1.  Photographs of  the spleens  of  (a) normal rats treated with anterior 
hypophyseal emulsion during a period of  10 days, (b) normal rats and (c)  com- 
pletely hypophysectomized rats (1 month after operation).  About  natural  size. 
FIG. 2.  Photographs of splenic stumps (a)  in normal rats, (b) in hypophysec- 
tomized rats  treated with anterior hypophyseal emulsion  and  (c)  in untreated 
hypophysectomized rats.  Four-fifths of the spleen was removed 4  weeks  prior 
to death in all the rats.  Hypophysectomy was  done 1 month prior to partial 
splenectomy.  About natural size. 
FIG. 3.  Spleen  73  days  after hypophysectomy showing  decrease in  size  of 
follicles and relative increase in number per unit area.  × 70. 
PLATE 44 
FIG. 4.  Spleen of normal rat of same age.  ×70. 
FIG. 5.  Spleen of rat repeatedly injected with horse serum.  The follicles are 
increased  in size.  ×70. 
PLATE 45 
FIG. 6.  Spleen  of rat repeatedly  injected  with an alkaline extract of cattle 
anterior hypophysis.  Note the marked hyperplasia of follicles and increase  in 
reticular cells about the margin.  × 70. 
FIG. 7.  Spleen of rat repeatedly injected with emulsion of anterior hypophysis. 
Hyperplasia of follicles, particularly large lymphoid elements and reticular cells. 
Striking increase  in reticular cells of the pulp with ectopic loci of lymphocytes. 
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